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DISTRIBUTED DIFFERENTIAL COUPLING 
COMBINED POWER SYSTEM 

BACKGROUND OF THE INVENTION 

In recent years, energy and noise pollution problems have 
become more and more serious. A good solution to these 
problems would be to use electrical power driven vehicles, 
but development of electrical power driven vehicles has up 
to now been limited by the capacity of the batteries to 
achieve a larger moving range. Increasing the battery vol- 
ume or quantity to increase the range will correspondingly 
increase the self-weight of the earner, resulting in higher 
electrical energy consumption and does not meet economic 
requirements. Therefore, in the absence of a major break- 
through in solving the battery technical problems, a more 
practical driving method is to use combined driving struc- 
ture designs. Current combined driving structure designs 
include: 

(A) Series Combined Power Design: This design is the 
most typical structure for an electrically driven vehicle, 
in this design a generator is dnven by the engine to 
generate electricity and charge the battery, after which 
the battery provides electricity to tnc dnven motor to 
drive the vehicle. As the energy is convened several 
times, the overall efficiency of this design is low. An 
example of this design is the GM HX3 vehicle of 
General Motors. 

(B) Synchronized Power on Common Shaft Design: This 
design involves directly series combining the engine 
power output shaft and the rotating shaft of the driven 
motor, to thereby generate driving and speed control- 
ling functions. An example of this design is West 

- Germany s Volkswagen CHICO sedan. 
For the case of the conventional engine and motor described 
in (B), only one of the engine and motor can be selected for 
output transmission, and the combination of their power 
output is not available. 

In contrast, the disclosed distributed differential coupling 
combined power system of the invention permits the output 
power from the output shaft of an engine (or other rotational 
power source) to not only drive a front section load, but also 
to be combined with an electromagnetic coupling device to 
drive a rear section load. The electromagnetic coupling 
device is constituted by an AC or DC. brushed or brushless 
electric machine, and is a two-end structure. Ii includes a 
rotational field generating structure and a rotor, and the rotor 
shaft (or the field rotating shaft) is used as the output shaft 
to form an electromagnetic coupling device, while the other 
end is coupled with the engine output shaft through the 
transmission gear system. This design is capable of adding 
the power and speed of the engine output to the output 
generated by the electromagnetic coupling device itself to 
drive the rear load without being aifectcd by the speed 
relationship between the two. In general, u has a smaller 
system volume and saves the cost and space in comparison 
with other combined power systems. 

SUMMARY OF THE INVENTION 

The distributed differential coupling combined power 
distribution system of the invention may be used m driving 
vehicles, ships, flying machines or other mechanical, indus- 
trial, or processing equipment which require a rotational 
power source. The power system involves the rotational 
output shaft of a internal combustion engine (or other 
rotational power sources), and is not only used to drive a 
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front secuon load directly or through transmission devices 
such as transmission gears, belts, chains, or the couplers, but 
is also coupled with the input shaft of an electromagnetic 
coupling device to drive the rear section load. The electro- 
magnetic coupling is a two-end structure, and is respectively 
combined with a stator and rotor structure to be controlled 
by an operating device for generating motor driving func- 
tions when an input current is applied to the electromagnetic 
coupling device or for operating variable speed coupling 
functions through the output current when employed as a 
generator, or for use in starting the engine and as a power 
regeneration brake, particularly when the engine is the main 
transmission power source, to charge the battery through the 
difference between the speed of the rotational field generated 
by the stator and the speed of the rotor, the speed difference 
with the rear load section being thereby adjusted by con- 
trolling the charging current. The engine can be at a constant 
speed or at a speed which is partially adjustable to maintain 
a working speed having a higher operating efficiency and 
lower pollution, with a portion of the differentia] speed 
output power generated through the electromagnetic cou- 
pling device being used for driving the load while the 
remaining part of the power is converted through the gen- 
erator function of the electromagnetic coupling device to 
charge the battery. The electromagnetic coupling thereby 
promotes engine efficiency during variable speed driving at 
low driving speeds while acquiring charging power for the 
battery and reducing pollution, and in addition to providing 
a variable speed coupling, the electromagnetic coupling can 
also be used as a driving motor to generate a rotational 
output for driving the load independently of or together with 
the engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the system of a first 
preferred embodiment. 

FIG. 2 is a schematic diagram of a first variation of the 

system of FIG. 1. 

FIG. 3 is a schematic diagram of a second variation of the 
system of FIG. 1. 

FIG. 4 is a schematic diagram of a third variation of the 
system of FIG. 1. 

FIG. 5 is a schematic diagram of a fourth variation of the 
system of FIG, 1. 

FIG. 6 is a schematic diagram of a fifth variation of the 
system of FIG. 1. 

FIG. 7 is a schematic diagram of a sixth variation of the 
system of FIG. 1. 

FIG. 8 is a schematic diagram of a seventh variation of the 
system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows a preferred embodiment of a distributed 
differential coupling combined power system, including the 
following principal elements: 

A drive side rotational power source, having an output 
which is first supplied to control the front section load and 
then transmitted to the input end of a two-end shaft type 
electromagnetic coupling device to drive a rear section load; 

An electromagnetic coupling device connected by a direct 
transmission to another load, through a transmission com- 
ponent to another load, or through a differential gear system 
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to a differentially acting load such as Lhe side rear wheels of 
a vehicle. 

More specifically, the embodiment illustrated in FIG. 1 
includes the following elements: 

A drive side rotational power unit P101 in the form of an 
internal combustion engine or other power source, wherein 
the rotational output shaft S102 coupled to a middle trans- 
mission device and a control interface M102 through a 
clutch CL102. Engine PI01 further includes a speed sensor 
SD101 for transmitting an engine rotation signai to a central 
controller CCU101, with the controllable fuel valve CGIOI 
being controlled by the central controller CCU101 to change 
the engine speed or to keep the engine maintained at a 
constant speed; 

A middle transmission device and a control interface 
Ml 02 made up of an automatic or manual speed change 
control system similar to one in a conventional front wheel 
drive system but which can be used to drive the front section 
load only or to drive front and rear loads. A clutch CL103 is 
installed between the middle input shaft S101 and the front 
section load to provide the transmission coupling or to cut 
off the transmission relationship between the middle trans- 
mission device and the front wheels, although the clutch 
CL103 can also be replaced by a neutral shift or co-installed 
with the neutral shift when the shift interface is in a neutral 
shift status. The middle shaft SI 01 is coupled at the output 
end of the clutch CL102 and is either directly rearwardly 
extended or connected through a transmission device to 
cause the rotational speed difference between the middle 
shaft S101 and the output presented to have a constant speed 
ratio or a non-constant speed ratio, in a manner similar to the 
rear extended rear wheel transmission shaft in a four wheel 
drive vehicle. A brake B101 controlled by the central con- 
troller CCU 101 is further installed between the middle shaft 
S101 and the fixed casing; 

A direa driven front section load W101 made up of one 
or more than one driven wheels with driven resistance of a 
load; 

An electromagnetic coupling device M101 in the form of 
a two-end shaft structure which is made up of a rotational 
field generating structure and a rotor, and in which the 
rotational field and the rotor are respectively coupled with 
the transmission middle shaft S101 and the input shaft of a 
rear differential gear box GB101 through a clutch CL104, to 
thereby drive the differential rear section load W102 at both 
sides. The coupling device may be an AC or DC, brushed or 
brushless electrical machine, and in particular a series 
excited or auxiliary compound excited electrical machine 
having the electrical characteristic that its rotational speed 
increases with a decreasing load, or an AC or DC brush or 
brushJess machine able to perform current control (including 
constant current control) through the operating control of a 
drive circuit device D101 to help provide additional torque 
on the driven load; 

An optional clutch CL101 controlled by the central con- 
troller CCU 101 and installed between the rotational field 
generating structure and the rotor as required to directly 
provide a synchronized mechanical interlock between the 
field and rotor. 

A drive circuit device D101 which is installed between the 
electromagnetic coupling device M101 and the battery 
BT101 for receiving operating commands from the central 
controller CCU101 to control the electromagnetic coupling 
device functioned so as to function as a generator to charge 
the battery or supply power to the other load or to provide 
a current controllable generator output to control the cou- 
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pling torque, thereby changing the rotation speed in depen- 
dence on load conditions; 

A central controller CCU101 which follows commands 
from the operator and monitors the operating status of the 
drive side rotational power unit PI 01 to generate corre- 
sponding control commands for the drive circuit device 
D101; 

An optional brake B102 can be installed as needed 
between the casing of the electromagnetic coupling device 
M101 and the side of a clutch CL104 which is located 
between the electromagnetic coupling device double acting 
structure and the coupled rear differential gear box, to 
thereby drive the front section load, start the engine, or 
provide power generation at stand-still, at which time the 
electromagnetic .coupling device is driven by the engine to 
function as a generator to charge the battery or supply power 
to the other loads. For the case of AC power generation 
output functions, the electromagnetic coupling device M101 
is employed as an electrical machine with AC power gen- 
erating funcuons and made up of a permanent magnet or 
winding excited, variable frequency field type of electrical 
device, or a brushed alternator type of electrical device, 
armature winding being commonly installed with the con- 
ducting rings for AC output and with the commutators for 
DC input/output, as a result of which the AC output can be 
a variable frequency output or a constant frequency output 
depending on the engine constant speed control; 

Finally, the aforesaid direct driven load and the distributed 
differential load may be made up of one or more than one 
rotational power sources, or one or more than one direct 
driven load, or one or more than one double acting electro- 
magnetic coupling device and its driven load groups in 
sequential series combinations, to form an extended com- 
pound series combined structure. 

The funcuons of the preferred embodiment shown in FIG. 1 
are illustrated in Table 1 as follows: 

Fl-A Fl-B Fl-C Fl-D are the various system operations 
when the engine drives the load at low speed output; 

F2 and F3 are system operations when the electromag- 
netic coupling device is powered by a battery to drive the 
load as a motor; 

F4-A and F4-B are system operations when the electro- 
magnetic coupling device is powered by the battery to be 
operated as a motor drives the load with the engine together 
so as to have a large power output due to the addition of 
output power; 

F5j F6 and F7 are system operations when the electro- 
magneuc coupling device is operated as a generator driven 
by the feedback mechanical energy of the load to charge the 
battery or to function as a brake by utilizing the friction 
damping of the engine itself; 

F8 is the system operation when the electromagnetic 
coupling device is driven by the engine to be operated as a 
generator to charge the battery. This function can further 
include a charging timing control to stop automatically at a 
preset time and AC generating functions as decided above. 

F9 is a function in which the electromagnetic coupling 
device is operated as a motor and is powered by the battery 
to start the engine; 

F10 is a function in which all of the system clutches and 
brakes are in an "OFF* state to provide low ioss sliding 
operation. 

The above system operating functions listed in Tabic 1 arc 
described in more detail as follows: 

Fl-A. To achieve this function, the engine fuel valve is 
controlled to drive the engine from low speed to high 
speed, as follows: 
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The internal combustion engine services as the drive side 
rotational power source and is controlled by the engine 
fuel valve to drive the rear section load, at which time 
clutches CL101, CL102, and CL104 are in an ON state 
while the CL103 is in an OFF state and the brakes B101 
and B102 are m an OFF state; 
The internal combustion engine serves as the drive side 
rotational power source and is controlled by the engine 
fuel valve to drive the front and rear section loads, at 
which time clutches CL101,. CL102. CL103 and 
CL104 are all in an ON state and the brakes B101 and 
B102 are in an OFF state; 
The internal combustion engine serves as the drive side 
rotational power source and is controlled by the engine 
fuel valve to drive the front section load, at which time 
clutches CL102 and CL103 are in an ON state while the 
clutches CL101 and CL104 are in an OFF state, and the 
brakes B101 and B102 arc in an OFF state, and the 
electromagnetic coupling is in a no-load state; 
Fl-B: To achieve this function, the engine fuel valve and the 
electromagnetic coupling device Ml 01 is controlled 
simultaneously to drive the engine from low speed to high 
speed and to charge the battery simultaneously, as fol- 
lows: 

The internal engine serves as the drive side rotational 
power source and is controlled by the engine fuel valve 
to change the engine and operate the electromagnetic 
coupling device as a generator for charging the battery 
and driving the rear section load, at which time the 
clutches CL101 and CL103 are in an OFF state while 
the clutches CL102 and CL104 are in an ON state and 
the brakes B101 and B102 are in an OFF state: 
- The internal combustion engine serves as the drive side 
' rotational power source and is controlled by the engine 
fuel valve to change the engine speed change and 
operate the electromagnetic coupling device as a gen- 
erator to charge the battery and to drive the front and 
rear section loads together with the engine, at which 
time the clutches CL102, CL103 and CL104 are in an 
ON state while the CLI01 is in an OFF state and the 
brakes B101 and B102 are in an OFF state; 
The internal combustion engine serves as the drive side 
rotational power source and is controlled by the engine 
fuel valve to change the engine speed and drive the 
front section load as well as to operate the electromag- 
netic coupling device as a generator to simultaneously 
charge the battery, at which time the clutches CL101 
and CL104 are in an OFF state while the CL102 and 
CL103 arc in an ON state; the brakes B101 is OFF and 
the B102 is in an ON state. 
Fl-C: To achieve this function, the engine is speed con- 
trolled or operated at a constant speed, and the battery 
charging current from the M101 is controlled to change 
the output power to the load as follows: 
The internal combustion engine serves as the drive side 
rotational power source, and the engine is controlled by 
the engine fuel valve and the speed feedback signal to 
operate at a constant speed as well as to operate the 
electromagnetic coupling device as a generator to 
charge the battery and adjust the coupling torque to 
drive the rear section load, at which time the clutches 
CL101 and CL103 arc in an OFF state while the 
clutches CL102 and CL104 arc m an ON state and the 
brakes B101 and B102 are m an OFF state; 
The internal combustion engine serves as the drive side 
rotational power source, and the engine speed is con- 
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trolled by the engine fuel valve and the speed feedback 
signal lo drive the front section load as well as to 
operate the electromagnetic coupling device as a gen- 
erator to charge the battery, and to adjust the coupling 
torque to drive the rear section load, at which time the 
clutches CL101 is in an OFF state while the clutches 
CL102, CL103 and CL104 are m an ON state and the 
brakes B101 and B102 are m an OFF state; 
Fl-D: To achieve this function, electromagnetic coupling 
device M101 generates a short current to control the 
output shaft torque and thereby change the engine speed, 
as follows: 

The internal combustion engine serves as the drive side 
rotational power source, and the engine fuel valve and 
the speed feedback signal are utilized to operate the 
engine at a variable speed or a constant speed and 
simultaneously to operate the electromagnetic coupling 
device M101 as a generator and control, based on the 
generated short circuit, current, the coupled torque, 
thereby to changing the power distribution between the 
front and rear section loads, at which time the clutches 
CL101 and CL103 are in an OFF state while the 
clutches CL102 and CL104 are tn an ON state and the 
brakes B101 and B102 are m an OFF state; 

The internal engine serves as the drive side rotational 
power source, and the engine fuel valve and speed 
feedback signal are utilized to control the engine speed 
and simultaneously to operate the electromagnetic cou- 
pling device M101 as a generator and control on a 
generated short cut circuit current to change the 
coupled torque, thereby changing the power distribu- 
tion between the front and rear section loads, at which 
time the clutch CL101 is m an OFF state while the 
clutches CL102. CL103 and CL104 are in an ON state 
and the brakes B101 and B102 are in an OFF state; 
F2: To achieve this function, electromagnetic coupling 

device M101 is powered by the battery to change the 

speed or the rotation direction of the rear section load, as 

follows: 

The electromagnetic coupling device M101 is powered by 
the battery to drive the rear section load by operating 
the electromagnetic coupling device M101 as a motor 
while the brake BI01 is in an ON state and the brake 
B102 is in an OFF state, the clutches CL101. CL102 
and the clutch CL103 for controlling the front section 
load arc m an OFF state, and the CL104 is in an ON 
" state. 

F3: To achieve this function, electromagnetic coupling 
device M101 is powered by the battery to change the 
speed or the rotation direction of the front section load, as 
follows: 

The electromagnetic coupling device M101 is powered by 
the battery to drive the front section load, at which time 
the electromagnetic coupling device is operated as a 
motor while the brake B102 is in an ON state, the brake 
B101 is tn an OFF state, the clutches CL101, CL102 
and CL104 are in an OFF state, and the clutch CL103 
is in an ON state. 
F4-A: To achieve this function, the engine is operated at a 
preset speed while the electromagnetic coupling device 
M101 is operated as a motor to provide added power 
output to drive the rear section load as follows: 
The internal combustion engine serves as the drive side 
rotational power source, and is operated at a variable or 
constant speed while the electromagnetic coupling 
device M101 is powered by the battery to provide an 
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added power output for driving the rear section load 
simultaneously. At this time, the clutches CL101 and 
CL103 are m an OFF state while the CL102 and CL104 
are in an ON state and the brakes BI01 and B102 are 
in an OFF state; 
F4-B: To achieve this function* the engine is operated at a 
preset speed while the electromagnetic coupling device 
M101 is operated as a motor to provide added power 
output to drive the front and rear section loads as follows: 
The internal engine serves as the drive side rotational 
power source, and the engine is operated at a variable 
or constant speed while the electromagnetic coupling 
device M101 is powered by the battery to provide 
added power output to drive the front and rear section 
loads simultaneously. At this time, the clutch CL101 is 
in an OFF state while the clutches CL102i CL103 and 
CL104 are in an ON state and the brakes B101 and 
B102 are in an OFF state; 
F5: To achieve this function the electromagnetic coupling 
device M101 is operated as a generator to charge the 
battery using the recovered rear section kinetic energy as 
follows: 

The engine speed is reduced or the fuel valve is closed and 
the electromagnetic coupling device M101 is operated 
as a generator to convert the rotational mechanical 
energy of the rear section load into electric power to 
charge the battery, or to consume the electric power by 
other loads, thereby obtaining friction damping and, 
together with the engine piston friction damping, pro- 
vide a braking friction damping, during the brakes 
B101 and B102 are in an OFF state, the clutches CL101 
and CL103 are in an OFF state, the clutches CL102 and 
CL104 in an ON state, and the engine can be stopped 
* or slowly operated; 

The electromagnetic coupling device M101 is operated as 
a generator to convert the rotational mechanical energy 
of the rear section load into electric power to charge the 
battery, or to consume the electric power by other loads, 
thereby obtaining friction damping, during which the 
brake B101 is in an ON state while the brake B102 is 
in an OFF state, the clutches CL101, CL102 and CL103 
are at OFF state, and the engine can be stopped or 
operated at a slower speed than the sliding speed, and 
when the CL104 is at ON state, the engine can be 
operating or stopped. 
F6: To achieve this function the electromagnetic coupling 

device M101 is operated as a generator to charge the 

battery using the recovered front section kinetic energy, as 

follows: 

The engine speed is reduced or the fuel valve is closed and 
the electromagnetic coupling device M101 is operated 
as a generator to convert the rotational mechanical 
energy of the front section load into electric power to 
charge the battery, or to consume the electric power by 
other loads, thereby obtaining friction damping and 
together with the engine piston friction damping pro- 
vide a braking friction damping, during which the 
brake B101 is in an OFF state, the brake B 102 is in an 
ON state, the clutches CL101 and CL104 are in an OFF 
state, the clutches CL102 and CL103 are in an ON 
state, and the engine can be stopped or slowly operated; 

The electromagnetic coupling device M101 is operated as 
a generator to convert the rotational mechanical energy 
of the front section load into electric power to charge 
the battery, or to consume the clcctnc power by other 
loads, thereby obtaining friction damping,- during 
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which the brake B102 is in an ON state, the brake B101 
is in an OFF state, the clutches CL101, CL102 and 
CL104 are in an OFF state, the clutch CL1Q3 is m an 
ON state, and the engine can be stopped or operated at 
a slower speed than the sliding speed, and when the 
CL102 is in an OFF state, the engine can be in an 
operating state or stopped. 

F7: To achieve this function, all of the loads are braked by 
engine friction damping, as follows: 
The engine speed is reduced or the fuel valve is closed and 
the generator is operated to convert the rotational 
mechanical energy of the front and rear section loads 
into friction damping and together with the engine 
piston friction damping provide a braking friction 
damping, during which brakes B101 and B102 are in an 
OFF state, the clutch CL101 is in an OFF state, the 
clutches CL102, CL103 and CL104 are in an ON state, 
and the engine can be stopped or slowly operated; 

F8: To achieve this function, the system is self charged, as 
follows: 

The electromagnetic coupling device M101 is driven by 
the drive side rotational power source to be operated as 
a generator to charge the battery or supply power to 
other loads. At this time, when the engine is started, the 
brake B101 is in an OFF state, brake B102 is in an ON 
state, the clutches CL101, CL103, and CL104 are in an 
OFF state, the clutch CL102 is in an ON state; and the 
time can be further utilized to preset the engine charg- 
ing time or control the charging capacity for automatic 
stop. AC Power generating functions can be included as 
described above in connection with the description of 
generator structure. 
F9: To achieve this function, the electromagnetic coupling 

device M101 is operated as a motor to start the engine, as 

follows: 

The electromagnetic coupling device M101 is used to 
start the drive side engine, at which time brake B102 is 
in an ON state, brake B101 is in an OFF state, the front 
section operating interface M102 and the front section 
coupled clutches CL101, CL103 and CL104 are in an 
OFF state and clutch CL102 is in an ON state; 

F10: Neutral slide: This is the slide function of the system 
when no power is output and a brake is activated, at which 
time the engine can be in an operating stale or stopped, 
brakes B101 and B102 arc in an OFF slate, and the 
clutches CL101, CL102, CL103 arc in an OFF state. 

FU:Jb achieve this function, the engine is used to drive the 
front section load, and the electromagnetic coupling 
device M101 is powered by the battery to drive the rear 
section load, and both are independently operated to drive 
the respective loads, at which time brake B101 is in an ON 
state, brake B102 is in an OFF state, clutches CL101, 
CL105 arc in an OFF state, and clutches CL102, CL103 
and CL104 arc in an ON state: 

F12: To achieve this function, the engine is used to drive the 
front section load and the electromagnetic coupling 
device M101 is operated as a generator to charge the 
battery, at which lime brake B 101 is in an ON state, B102 
is in an OFF state, clutches CL101, CL105 are in an OFF 
state, and clutches CL102, CL103 are in ON state. 
The preferred embodiment of the distributed differential 

coupling combined power system shown in FIG. 1 may have 

the following variations in practical applications: 

FIG. 2 shows the first application of the system of FIG. 1. 

In this application clutch CL104 and brake B102 are both 

eliminated, and the system functions arc delineated in Tabic 

2. 
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FIG. 3 shows the second application of the system of FIG. 
1. In this application clutch CL104 and brake B102 are both 
eliminated, and the svstem functions are delineated m Table 
3. 

FIG. 4 shows the third application of the system of FIG. 
1: It discloses an application m which B102, and clutches 
CL101 and CL104 are eliminated, and the system functions 
are delineated in Table 4 

FIG. 5 shows the fourth application of the system of FIG. 
1: it discloses an application in which an additional clutch 
CL105 is installed between the rear section output middle 
shaft and the middle transmission device while clutch 
CL103 is reserved for controlling the front section load or 
replaced by a speed change shift of the middle transmission 
devices, and the system functions are delineated in Table 5. 

FIG. 6 shows the fifth application of the system of FIG. 
1. In this application, a clutch CL105 is installed between the 
rear section output middle shaft and the middle transmission 
device, clutch CL104 is eliminated, and the system functions 
are delineated in Table 6. 

FIG. 7 shows the sixth application of the system of FIG. 
1. In this application a clutch CL105 is installed between the 
rear section output middle shaft and the middle transmission 
device, clutch CL1G4 and brake B102 arc eliminated, and 
the system functions are delineated in Table 7. 

FIG. 8 shows the seventh application of the system of 
FIG. 1. It discloses an application which includes additional 
clutch CL105 and eliminates clutches CL101, CL104 and 
brake B102, and the system functions are delineated in Table 
8. 

The above described application examples are for refer- 
ence only, and it will be appreciated that other practical 
applications can be achieved by arranging the front and the 
rear section loads and distributed coupling structure accord- 
ing to performance requirements without departing from the 
invention by selecting the appropriate operating and control 
components. 

For the case when the systems of the examples in FIG. 
1-8 are applied to vehicles, the angular displacement rela- 
tionships between the front and rear section loads and the 
drive power source resulting from the transmission ratio and 
the wheel outside diameter differences may be as follows: 
The angular displacement speed of the two loads and the 
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drive side rotational power source are operated according to 
the wheel system ratio relationships, or the angular displace- 
ment relationship between the two loads and their operations 
with the drive side rotational power source are not according 
to the wheel system ratio (such as slipping on the road 
surface). In particular, the relationships between the angular 
displacement of the rear section load and the drive side 
power source or between the front and rear section loads can 
be especially set not to operate according to the wheel 
system ratio relationship, but to operate through the differ- 
ential acung adjustment by the electromagnetic coupling 
device; 

The differentially acting adjustment of the electromag- 
netic coupling device M101 includes an active adjust- 
ment based on the input power when functioning as a 
motor or a passive adjustment to output power when 
functioning as a generator; 
In vehicle driving applications of the aforesaid front 
section load and the rear section load, the front section 
load can be the front wheel or the rear wheel, and the 
rear section load can be the matched front wheel or rear 
wheel structure with the aforesaid definition; 
The distributed differential coupling combined power 
system has possible numerous operating functions and 
in the practical applications can be constructed to be 
provide all or part of those functions. 
As summarized from the above descriptions, the distrib- 
uted differential coupling combined power system of the 
invention can be applied to vehicles, boats, or other machin- 
ery requiring combined driving power. The examples given 
herein encompass the various applications of the basic 
distributed differential coupling combined power system 
concept of the invention and in practical applications, any 
peripheral components for the output functions can be 
selected according to need, providing a highly flexible 
system. 
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I claim: 

1. A differential combined power distribution system for 
use m rotational driving applications, comprising: 

a rotational power source which includes a rotational 
output shaft coupled to drive a front section load, and 
also coupled with the input shaft of an electromagnetic 
coupling device to drive a rear section load, 

wherein the electromagnetic coupling device includes 
means for generating a rotating electromagnetic field, 
and a rotor arranged to el ectro magnetically couple with 
said field; and 

an operating device which includes means for controlling 
the electromagnetic coupling device to generate motor 
driving functions when an input current is applied and 
to generate variable speed coupling functions through 
an output current when the electromagnetic coupling 
device is employed as a generator, the operating device 
also including means for controlling the electromag- 
netic coupling device to start the engine and to serve as 
a power regeneration brake when the engine is the main 
power source for the front and rear section loads, means 
for causing the electromagnetic coupling device to 
charge a battery through a difference between a rota- 
tional speed of the rotational field and a rotational 
speed of the rotor, and means for adjusting the speed 
difference by controlling a battery charging current. 

wherein the operating device thereby allows the rotational 
power source to be driven at a constant speed and at a 
partially adjustable speed to improve operating effi- 
ciency and decrease pollution, with one part of the 
differential speed output power generated through the 
electromagnetic coupling device being used for driving 
one of the loads independently or together with the 
rotational power source while the remainder of the 
output power is converted through the generator func- 
tion of the electromagnetic coupling device to charge 
the battery. 

2. A differential mixing combined power distribution 
system, comprising: 

a drive side rotational power source (P101) having an 
output which is first supplied to a front section load and 
is then transmitted to an input end of a electromagnetic 
coupling device (M101) to drive a rear section load; 

the drive side rotational power source (PI 01) including a 
rotational output shaft (S102) coupled to a middle 
transmission device and a control interface (M102) 
through a clutch (CL102), the rotational power source 
further including a speed sensor (SD101) to transmit 
the engine rotation signa] to a central controller 
(CCU101) and a controllable fuel valve (CGIOI) con- 
trolled by the central controller (CCU101) to carry out 
the functions of changing the engine speed and keeping 
the engine maintained at a constant speed; 

the middle transmission device and control interface 
(M102) including a speed change control system for 
driving the front section load only and also for driving 
both loads; 

a middle input shaft (S101) coupled at the output end of 
the clutch (CL102); 

the electromagnetic coupling device (M101) being 
coupled with the transmission middle shaft (S101) to 
drive the rear side drive unit: 

a drive circuit device (D101) installed between the elec- 
tromagnetic coupling device (M101) and the battery 
(BT101) and arranged to receive operating commands 
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from a centra] control ler (CCU101) to control the 
electromagnetic coupling device to function as a gen- 
erator to charge the battery, supply power to any other 
loads connected thereto, and to provide a current con- 
trollable generator output to change the rotation speed 
m response to load conditions. 

3. A system as claimed in claim 2. further comprising a 
brake (B102) located between differentially acting output 
shafts of the electromagnetic coupling device (M101) and a 
coupled rear differential gear box through which the rear 
section load is driven. 

4. A system as claimed in claim 3, further comprising a 
clutch (CL104) positioned between the brake (B102) and the 
rear section load. 

5. A system as claimed in claim 2, further comprising a 
clutch (CL103) installed between the middle input shaft 
(S101) and the front section load to provide a transmission 
coupling between the middle transmission device and the 
front section load. 

6. A system as claimed in claim 5, further comprising a 
brake (B102) located between differentially acting output 
shafts of the electromagnetic coupling device (M101) and a 
coupled rear differential gear box through which the rear 
section load is driven. 

7 A system as claimed in claim 6, further comprising a 
clutch (CL104) positioned between the brake (B102) and the 
rear section load. 

8. A system as claimed in claim 7, wherein the central 
controller includes means for causing the system to carry out 
the following functions: 

controlling the engine fuel valve to drive the engine from 

low speed to high speed; 
controlling the engine fuel valve and the electromagnetic 

coupling device simultaneously to drive the engine 

from low speed to high speed and to charge the battery 

simultaneously; 
changing a speed of the engine by causing the electro- 

magneuc coupling device to generate a current for 

controlling an output shaft torque; 
causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation direction of the 

rear section load; 
powering the electromagnetic coupling device by the 

battery to change a speed or direction of the front 

section ioad, 

operating the engine at a preset speed while the electro- 
magnetic coupling device is operated as a motor to 
provide additional power for driving the rear section 
load; 

operating the engine at a preset speed while the electro- 
magnetic coupling device is operated as a motor to 
provide added power output to drive the front and rear 
sccuon loads: 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the rear section 

load; 

operating the electromagnetic coupling device as a gen- 
erator to charge the battery using kinetic energy recov- 
ered from the front section load; 

causing all loads to be braked by engine friction damping; 

causing the electromagnetic coupling device to be driven 
by the engine to function as generator to charge the 
battery or provide varied or constant frequency alter- 
nating current output for different situations; and opera- 
tion the electromagnetic coupling device as a motor to 
start the engine. 
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9. A system as claimed in claim 6, wherein the central 
controller includes means for causing the system to carry out 
the following functions: 

controlling the engine fuel valve to drive the engine from 
low speed to high speed; 

controlling the engine fuel valve and the electromagneuc 
coupling device simultaneously to drive the engine 
from low speed to high speed and to charge the battery 
simultaneously; 

changing a speed of the engine by causing the electro- 
magneuc coupling device to generate a current for 
controlling an output shaft torque; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation direction of the 
rear section load; 

operating the engine at a preset speed while the electro- 
magnetic coupling device is operated as a motor to 
provide additional power for driving the rear section 
load; 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the rear section 
load; 

causing all loads to be braked by engine friction damping; 
and 

causing the electromagnetic coupling device to be driven 
by the engine to function as generator for charging the 
battery and to provide an electromagnetic coupling 
output to any additional loads connected thereto. 

10. The system as in claim 5, wherein the central con- 
troller includes means for causing the system to carry out the 
following functions: 

controlling the engine fuel valve to drive the engine from 
low speed to high speed; 

controlling the engine fuel valve and the electromagnetic 
coupling device simultaneously to drive the engine 
from low speed to high speed and to charge the battery 
simultaneously; 

changing a speed of the engine by causing the electro- 
magnetic coupling device to generate a current for 
controlling an output shaft torque; 

causing the electromagneuc coupling device to be pow- 
ered by the battery to change a rotation direction of the 
rear section load; 

operating the engine at a present speed while the electro- 
magnetic coupling device is operated as a motor to 
provide additional power for driving the rear section 
load; 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the rear section 
load; 

causing all loads to be braked by engine friction damping; 
and 

causing the electromagnetic coupling device to be driven 
by the engine to function as generator for charging the 
battery and to provide an electromagnetic coupling 
output to any additional loads connected thereto. 

11. A system as claimed in claim 4, wherein the central 
controller includes means for causing the system to carry out 
the following functions: 

controlling the engine fuel valve to drive the engine from 

low speed to high speed; 
controlling the engine fuel valve and the electromagneuc 

coupling device simultaneously lo drive the engine 

from low speed to high speed and to charge the battery 

simultaneously; 
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changing a speed of the engine by causing the electro- 
magnetic coupling device to generate a current for 
controlling an output shaft torque; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation direction of the 
rear section load; 

operating the engine at a preset speed while the electro- 
magnetic coupling device is operated as a motor to 
provide additional power for driving the rear section 
load; 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the rear section 
load: 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the front section 
load; 

causing all loads to be braked by engine friction damping; 
and 

causing the electromagnetic coupling device to be driven 
by the engine to function as generator for charging the 
battery and to provide an electromagnetic coupling 
output to any additional loads connected thereto. 

12. A system as claimed in claim 4 T further including a 
clutch (CL105) between the rear section output middle shaft 
and the middle transmission device, wherein the central 
controller includes means for causing the system to carry out 
the following functions: 

controlling the engine fuel valve to drive the engine from 
low speed to high speed; 

controlling the engine fuel valve and the electromagnetic 
coupling device simultaneously 10 drive the engine 
from low speed to- high speed and to charge the battery 
simultaneously; 

changing a speed of the engine by causing the electro- 
magnetic coupling device to generate a current for 
controlling an output shaft torque; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation direction of the 
rear section load; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation or speed of the 
front section load; 

operating the engine at a preset speed while the electro- 
magnetic coupling device is operated as a motor to 
provide additional power for driving the rear section 
load; 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the rear section 
load; 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the front section 
load; 

causing all loads to be braked by engine friction damping; 

causing the electromagnetic coupling device to be driven 
by the engine to function as generator for charging the 
battery and to provide an electromagnetic coupling 
output to any additional loads connected thereto; 

operating the engine to drive the front section load and 
independently operating the electromagnetic coupling 
device to drive the rear section load; and 

operating the engine to drive the front section load and 
causing the engine to also drive the electromagnetic 
coupling device to charge the battery. 

13. A system as claimed in claim 3, further comprising 
clutch (CL105) between the rear section output middle shaft 
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and the middle transmission device, wherein the central 
controller includes means for causing the system to carry out 
the following functions: 

controlling the engine fuel valve to drive the engine from 
low speed to high speed; 

controlling the engine fuel valve and the electromagnetic 
coupling device simultaneously to drive the engine 
from low speed to high speed and to charge the battery 
simultaneously; 

changing a speed of the engine by causing the electro- 
magnetic coupling device to generate a current for 
controlling an output shaft torque; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation direcuon of the 
rear section load; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation or speed of the 
front section load; 

operating the engine at a preset speed while the electro- 
magnetic coupling device is operated as a motor to 
provide additional power for driving the rear section 
load; 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the rear section 
load; 

causing all loads to be braked by engine friction damping; 
causing the electromagnetic coupling device to be driven 
by the engine to function as generator for charging the 
battery and to provide an electromagnetic coupling 
output to any additional loads connected thereto; 
operating the engine to drive the front section load and 
independently operating the electromagnetic coupling 
device to drive the rear section load; and 
operating the engine to drive the front section load and 
causing the engine to also drive the electromagnetic 
coupling device to charge the battery. 
14. A system as claimed in claim 5. further comprising a 
clutch (CL105) between the rear section output middle shaft 
and the middle transmission device, wherein the central 
controller includes means for causing the system to carry out 
the following functions: 

controlling the engine fuel valve to dnve the engine from 

low speed to high speed; 
controlling the engine fuel valve and the elcciromagneuc 

coupling device simultaneously to drive the engine 

from low speed to high speed and to charge the battery 

simultaneously; 

changing a speed of the engine by causing the electro- 
magnetic coupling device to generate a current for 
controlling an output shaft torque; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation direction of the 
rear section load; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation or speed of the 
front section load; 

operating the engine at a preset speed while the electro- 
magnetic coupling device is operated as a motor to 
provide additional power for driving the rear section 
load; 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the rear section 
load; 

causing all loads to be braked by engine friction damping; 
causing the electromagnetic coupling device to be driven 
by the engine to function as generator for charging the 
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battery and to provide an electromagnetic coupling 
output to any additional loads connected thereto; 
operating the engine to dnvc the front section load and 
independently operating the electromagnetic coupling 
device to drive the rear section load; and 
operating the engine to drive the front section ioad and 
causing the engine to also drive the electromagnetic 
coupling device to charge the battery. 
15. A system as claimed m claim 2, further composing a 
clutch (CL103) installed between the middle input shaft 
(S101) and the front section load to provide a transmission 
coupling between the middle transmission device and the 
front section load, and a clutch (CL105) between the rear 
section output middle shaft and the middle transmission 
device, wherein the central controller includes means for 
causing the system to carry out the following functions: 

controlling the engine fuel valve to drive the engine from 
low speed to high speed; 

controlling the engine fuel valve and the electromagnetic 
coupling device simultaneously to drive the engine 
from low speed to high speed and to charge the battery 
simultaneously; 

changing a speed of the engine by causing the electro- 
magnetic coupling device to generate a current for 
controlling an output shall torque; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation direction of the 
rear section load; 

causing the electromagnetic coupling device to be pow- 
ered by the battery to change a rotation or speed of the 
front section load; 

operating the engine at a preset speed while the electro- 
magnetic coupling device is operated as a motor to 
provide additional power for driving the rear section 
load; 

operating the engine as a generator to charge the battery 
using kinetic energy recovered from the rear section 
load; 

causing all loads to be braked by engine friction damping; 

causing the electromagnetic coupling device to be driven 
by the engine to function as generator for charging the 
battery and to provide an electromagnetic coupling 
output to any additional loads connected thereto; 

operating the engine to drive the front section load and 
independently operating the electromagnetic coupling 
device to drive the rear section load; and 

operating the engine to drive the front section load and 
.causing the engine to also drive the electromagnetic 
coupling device to charge the battery. 

16. A system as claimed in claim 2, wherein the front and 
rear section loads are wheels and relationships between the 
front and rear section loads is set not to operate according to 
the wheel system ratio relationship, but to operate through a 
differentially acting adjustment by the electromagnetic cou- 
pling device (U101). 

17. A system as claimed in claim 16, wherein the differ- 
entially acting adjustment of the electromagnetic coupling 
device (U101) includes an active adjustment of the input 
power when the electromagnetic coupling device functions 
as a motor and a passive adjustment of the output power 
when the electromagnetic coupling device functions as a 
generator 

18. A system as claimed in claim 2, wherein the front 
section load is one of front and rear sets of wheels of a 
vehicle, and the rear section load is the other of the front and 
rear sets of wheels. 


ABSTRACT 


A combined power system includes a rotational power 
source such as an internal combustion engine, the output 
shaft of which is arranged to drive a front section load and 
which is also coupled to the input shaft of an electromag- 
netic coupling device to drive a rear section load. The 
electromagnetic coupling device is controlled by an operat- 
ing device to generate motor driving functions, when an 
input current is applied or to generate variable speed cou- 
pling funcuons through an output current when the electro- 
magnetic coupling device is employed as a generator. The 
engine can be operated at constant speed or at a partially 
adjustable speed to maximize engine efficiency and reduce 
polluuon, with one pan of the differential speed output 
power generated throughout the differential mixing drive 
device being used for driving the load while the remainder 
of the power is converted through the generator function of 
the electromagnetic coupling device 10 charge the battery 
and thereby increase energy efficiency. 
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